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(71) We, MULLARD LIMITED, of 
Abacus House, 33 Gutter Lane, London, 
E.G2. a British Company, do hereby declare 
the invention, for which we pray that a patent 
5 may be granted to us, and die method by 
which it is to be performed, to be particularly 
described in and by the following state- 
ment: — 

This invention relates to Doppler radar sys- 
10 terns of the character comprising, a transmit- 
ter for ttaiiarntting signal, a receiver for re- 
ceiving a Doppler-shifted echo signal from a 
moving object, and a mixer stage for mixing 
the echo signal with a portion of the transmit- 
15 ted signal to provide a beat signal the fre- 
quency of which is indicative of the speed rela- 
tive to the system of the moving object. 

In a radar system of the above character, 
the presence of noise could affect the beat sig- 
20 nal sufficiently to give rise to a false speed 
indication or indicate a moving target when 
non-earistant A possible way of reducing such 
an affect due to noise would be to provide 
a threshold level that noise was unlikely to 
25 exceed in normal operation of ihe system, and 
to arrange that the beat signal had to be 
above this threshold level before a speed in- 
dication could be derived from the beat signal. 
However, if noise increased to above the 
30 threshold level due, say, to partial component 
failure, then in this circumstance noise could 
still give rise to a false speed indication. 

The present invention proposes a Doppler 
radar system including means which, in re- 
35 sponse to noise likely to give rise to a false 
speed indication, inhibits the production of 
any speed indication. 

According to the present invention there is 
provided a Doppler radar system comprising 
40 a transmitter for transmitting a signal, a re- 
ceiver for receiving a Doppler-shifted echo 
signal, a first mixer stage for mixing the echo 
signal with a portion of the transmitted sig- 
nal to produce a first beat signal, phase delay 
45 means for producing said echo signal a second, 
phase-delayed, echo signal, a second mixer 
stage for mixing said second echo signal with 
a portion of the transmitted signal to produce 



a second beat signal which has the same fre- 
quency as the first but is phase-shifted with 50 
respect thereto, phase detector means respon- 
sive for each cycle of the two beat signals to 
produce a first output when their relative 
phasing is within specified limits, and a second 
output when their relative phasing has shifted 55 
outside these limits, indication means respon- 
sive to one of said two beat signals to pro- 
vide a movement indication of an object or 
to provide in accordance with the frequency 
thereof an indication of the speed relative to oO 
the system of such object, and inhibiting means 
responsive to inhibit response of said indica- 
tion means for a predetermined period when 
either one of said first and second outputs is 
produced and to maintain the inhibiting con- o5 
dition for a further such period if the other 
output is produced within said predetermined 

period. _ 
Conveniently, the frequency measurement of 
one of the two beat signals, preferably the 70 
first beat signal, to provide the indication of 
the speed relative to the system of a moving 
object, can be made by determining the num- 
ber of zero crossings of that beat signal in a 
given time. However, noise can alter the posi- 75 
tions of the zero crossings of the beat signals, 
cause additional crossings, and also produce 
an output in the absence of the beat signals. 
If these effects of noise cause the output from 
said phase detector means to change within 80 
said predetermined period, the output transi- 
tion, in either direction, is used to activate 
the inhibiting means to inhibit the counting 
of the zero crossings which, being partly or 
wholly due to noise, are partly or wholly un- 85 
correlated in the respective signal channels for 
the two beat signals. . 

The invention is based on this premise that 
noise in respective signal channels for the two 
beat signals will be largely ^correlated. In a 90 
preferred embodiment of the invention the 
two beat signals are nominally 90° phase 
spaced. One of the said two beat signals, 
preferably the first beat signal, is considered 
as a reference with the other beat signal being 95 
allowed, in effect, to wander in phase relative 
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to it, due to noise, by just less than ±90° 
before the inhibiting means is activated. It, 
say, each zero crossing of said other beat sig- 
nal does not shift by more than ±90° from 
5 the nominal 90° phase spacing of the two 
beat signals and provided each crossing 
occurs, then the average frequency of the two 
beat signals must be correct provided that fre- 
quency measurement takes place long enough 
10 to cover noise-to-noise decorrelation time, that 
is, long enough to establish that a change in 
frequency is not only of. a sufficiently short 
duration as to be likely to be due to noise. 
Thus, the phase detector means can be re- 
15 sponsive to said other beat signal so that each 
tune the beat signal used as the reference 
crosses zero in one preferred direction, the 
phase detector produces an output of the same 
polarity as said other beat signal and the 
20 output polarity is kept until the next zero 
crossing of the beat signal used as the refer- 
ence occurs in the same direction- If the 
polarity of said other beat signal has not 
altered then the output polarity of the phase 
25 detector means remains unaltered. If, how- 
ever, the two beat signals have phase-shifted 
relative to one another by more than 90° 
from their nominal 90° spacing, then the 
polarity of said other beat signal have changed 
30 so that the output polarity from the phase 
detector will be reversed. # 

The phase detector means is suitably a p- 
type flip-flop having a clock input , to which 
a pulse is applied for each zero crossing in 
35 said one preferred direction of the beat : signal 
used as the reference, this pulse being derived 
from this beat signal by a Scmitt nigger. A 
second Schmitt trigger is fed with said other 
beat signal and applies to a second (D) ^P 1 * 
40 of the D-type flip-flop a signal which is indi- 
cative of the polarity of said other beat signal. 
For each pulse at the clock input, die D-type 
flip-flop presents one or the other of two 
outputs having a polarity corresponding to the 
45 polarity of the signal supplied to its second 
input. Thus, the output polarity of : the = D- 
tvpe flip-flop will change if the polarity of the 
signal applied to its second input changes be- 
tween one clock pulse input and the next 
50 The outputs from the D-type flip-flop can 
be applied to a full-wave bridge circuit which 
feeds a CR time constant circuit with a signal 
in response to each transition of the output 
polarity from the D-type flip-flop. Tins CR 
55 time constant circuit determines said pre- 
determined period in that for each polarity 
transition it inhibits a speed indication meter 
for said period. If a further output polarity 
transition occurs within said period then the 
60 inhibiting condition is maintained, otherwise 
the CR time constant circuit removes the in- 
hibiting condition at the end of said period. 
The period may be, for example, one second. 
In practice, it may be undesirable to have the 
65 inhibiting condition imposed for an odd one 



or two phase jumps of greater than ±90°. If 
this is the case, a delay can be introduced be- 
fore the CR time constant circuit becomes 
operative so that only a significant number 
of such phase jumps will bring about the in- 70 
hibiting condition. This delay can be, for 
example, about 0.1 second. 

In order that the invention may be more 
fully understood, reference will now be made, 
by way of example, to the accompanying 75 
drawings, of which: — 

Figure 1 is a block diagram of a Doppler 
radar system embodying the invention; 

Figure 2 shows diagrammatically one form 
of microwave circuit for the system of Figure 80 

1 ' Figure 3 illustrates the Doppler output from 
the microwave circuit; 

Figure 4 is a simplified circuit diagram ot 
a speed indicator circuit for the system of 85 
Figure 1; and 

Figure 5 is a simplified circuit diagram of 
a speed meter inhibited circuit for the system 
of Figure 1. „ r ._ 

Referring to Figure 1, the radar system 90 
there shown has an aerial 1 and a microwave 
circuit 2 which is of any suitable known form 
appropriate for producing two Doppler sig- 
nals in phase quadrature. A microwave source 
of energy 3, which is suitably a Gunn osal- 95 
lator, provides microwave power for the sys- 
tem. The two Dopper signals are amplified in 
separate channels A and B by respective 
amplifiers 4 and 5. The amplified Doppler 
signals are applied to respective Schmitt tog- 100 
<rJb 6 and 7 to "square" them. The resulting 
square-wave pulse in channel A are applied 
to a speed or movement indicator circuit 8 
which is responsive to these pulses to drive a 
speed or movement meter 9. The system fur- 105 
ther comprises a phase detector 10 to re- 
spective inputs of which the square-wave 
pulses from the Schmitt triggers 6 and 7 are 
applied. The purpose of the phase detector 
10 is to detect the relative phase of the 110 
square-wave pulses applied to its two inputs 
(thereby detecting the relative phase of the 
two Doppler signals in the channels A and 
B) and to produce a first output signal when 
the relative phasing of two such pulses is 115 
within a ±90° range, and a second output 
signal when the relative phasing has shafted 
outside this range. Conveniently, the phase 
detector 10 is a D-type flip-flop having a 
clock input to which the square-wave pulses 120 
in one channel (e.g. channel A) are applied and 
a second input, the D input, to which the 
square-wave pulses in the other channel are 
applied. For each pulse at the clock input, 
the D-type flip-flop produces an output ag- 125 
nal of polarity corresponding to the polanty 
of the pulse applied to its second input, the D- 
type flip-flop being triggered by. the positive 
edge (or possibly the negative edge) of each 
pulse applied to its clock input. Thus, the 130 
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invention to inhibit the speed meter 9 in the 
event that a false speed indication is likely 
due to noise. The presence of noise in the 
channel, in this instance channel A, for the 
5 Doppler signal used for speed indication, can 
give rise to additional zero crossings of this 
Doppler signal. In such an event, the fre- 
quency of the pulse output from the Schmitt 
trigger concerned becomes higher than the true 
10 frequency of the Doppler signal with the re- 
sult that a false speed indication is given. 
Also, it is possible that the speed meter 9 will 
give a reading on a noise signal alone in the 
absence of a Doppler signal. However, there 
15 will also be noise in the channel (B) for the 
other Doppler signal which will be largely 
uncorrected with the noise in channel A, be- 
cause it has been found that the noise in each 
channel is due predominately to the system 
20 components, in particular, to the input stages 
of amplifiers 4 and 5 and the mixer diodes 
21 and 22. Therefore, any change in the 
phase difference of the two Doppler signals 
by more than 90° which takes place within 
25 a suitable measuring time can be said to be 
due to noise, because these two Doppler sig- 
nals are of the same frequency, (where fre- 
quency is defined as the number of zero cross- 
ings per unit time) so that their phase differ- 
30 ence should not differ by more than 90°, 
except for any single phase change due to the 
change in direction sense of a target. For a 
system in which the frequency of the Doppler 
signal(s) can be as low as 1Hz, the period of 
35 the measuring time may be 1 second. 

Thus, in accordance with the invention Hie 
system of Figure 1 includes a speed meter 
or presence inhibit circuit 25 to which 
the output signals from the phase 
40 detector 10 are also applied. As will 
be described with reference to Figure 
5, this inhibit circuit 25 is responsive to the 
phase detector output signals to inhibit the 
speed meter 9 for said period, so that it gives 
45 no speed reading, each time there is a change 
in the output signal polarity. The result of 
this is that the inhibiting condition is main- 
tained for a further such period if the output 
signal polarity changes within a period that the 
50 speed meter 9 is being inhibited. However, 
as will also be described with reference to 
Figure 5, the inhibited circuit is preferably so 
arranged that it only imposes the inhibiting 
condition for a significant number of polarity 
55 changes of the phase detector output signal, 
as would occur with persistent noise. 

In the system of Figure 1, the elements 2, 
3» 4» 5> 6 and 7 can all be of known form, 
so that further description of these elements 
60 is though to be unnecessary for an under- 
standing of the invention. Only the speed in- 
dicator circuit 8 and the speed meter inhibit 
circuit 25 are thought to require further des- 
cription, and these two circuits will now be 
65 considered with reference to Figures 4 and 



5. The use of a D-type flip-flop as the phase- 
detector 10 forms the subject of our co-pend- 
ing U.K. patent application No. 13241/73 
(Serial No. 1357457) which is divided from 
the present application. 70 

The speed indicator circuit of Figure 4 
drives the speed meter 9, which is a moving 
coil meter, with a direct current proportional 
to target speed. To achieve this, this circuit 
generates a fixed length pulse for each half 75 
cycle of the Doppler signal in channel A by 
means of a monostable element comprised by 
transistors 26 and 27> these pulses being in- 
tegrated by a capacitor 28, which is connected 
across the meter 9, to produce the direct cur- 80 
rent. Hie capacitor voltage is small and so 
there is negligible integration error. The mono- 
stable element is fed with pulses from two 
transistors 29 and 30. The transistor 29 is 
actually a part of the Schmitt trigger 7, and 85 
the transistor 30 produces an anti-phase wave 
form. Thus, triggering of the monostable ele- 
ment occurs for each half cycle of Schmitt 
trigger output via two triggering diodes 31 
and 32 and capacitors 33 and 34. Of course, 90 
it would be possible to dispense with the 
transistor 30, capacitor 34 and diode 32, so 
that triggering of the monostable element 
occurs only for each complete cycle of the 
Schmitt trigger output. m 95 

The speed meter inhibit circuit of Figure 
5 comprises a diode bridge 35 which is fed 
via respective capacitors 36 and 37 with both 
outputs from the phase detector (10). Thus, a 
angle change in polarity of the phase detec- 100 
tot output signal will turn on a transistor 38 
for a short period. During this period, assume 
that a capacitor 39 discharges sufficiently 
through transistor 38 to cause a further tran- 
sistor 40 to turn off. When transistor 40 105 
turns off, two other transistors 41 and 42 are 
turned on and the collector of transistor 42 
clamps the speed meter 9 (Figure 4) to zero. 
Provided there is no further change in the 
polarity of the phase detector output signal 110 
for the next second (i.e, the suggested period 
of die measuring time referred to previously), 
the capacitor 39 will charge up sufficiently via 
a resistor 43 to turn on transistor 40 again, 
so that transistors 41 and 42 will turn off 115 
and the speed meter 9 will be undamped. 
If there is a further change in the polarity of 
the phase detector output signal within the 
next second, transistor 38 will turn on again 
for a short period so that charge on capacitor 120 
39 will be removed, when the inhibiting con- 
dition will be maintained for a further second. 
However, in order that the inhibiting condi- 
tion should not be imposed for only an odd 
infrequent change in the polarity of the phase 125 
detector output signal, as might be produced 
by a diort noise "spike", a resistor 44 is pro- 
vided in the discharge path of the capacitor 
39. This resistor 44 increases the time to, say 
0.1 second, for capacitor 39 to discharge suffi- 130 
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dently to cause transistor 40 to turn off. The 
delay chosen is sufficient to keep transistor 40 
turned on during a single turn on period of 
transistor 38, so that only a significant num- 

5 ber of turn on periods of transistor 38 in 
quick succession will allow capadtor 39 to 
discharge suffiriently to turn off transistor 40. 

A radar system as described herein can be 
designed for use as an intruder alarm. Thus, 

10 using the allocated intruder alarm frequency 
of 10.687 GHz, a target speed of 1 m.p.h. 
would give a Doppler signal frequency of 
31.8Hz. Lower target speed would give cor- 
respondingly lower Doppler signal frequencies 

15 which, as aforesaid, could be as low as 1Hz. 
In this use as an intruder alarm the inven- 
tion, although primarily concerned with im- 
posing a movement inhibiting condition in the 
presence of noise, offers the advantage that, 

20 by sdection of a suitable riming period for 
determining whether or not the inhibiting con- 
dition should be applied, it can be arranged 
not to produce a false intruder alarm con- 
dition in response to, say, a fluttering curtain 

25 by reason that the latter would cause phase 
detector output polarity changes within the 
timing period. 

WHAT WE CLAIM IS : — 

1 A Doppler radar system comprising a 

30 transmitter for transmitting a signal, a re- 
ceiver for recdving a Doppler-shifted echo 
signal, a first mixer stage for mixing the echo 
signal with a portion of the transmitted signal 
to produce a first beat signal, phase delay 

35 means for produdng from said echo signal 
a second, phase-ddayed, echo signd, a second 
mixer stage for mixin g said second echo sig- 
nal with a portion of the transmitted signal to 
produce a second beat signal which has the 

40 same frequency as the first but is phase- 
shifted with respect thereto, phase detector 
means responsive for each cycle of the two 
beat signals to produce a first output when 
their relative phasing is within specified limits 

45 and a second output when their relative phas- 
ing has shifted outside these limits, indication 
means responsive to one of said two beat 
signals to provide a movement indication of 
an object or to provide in accordance with 

50 the frequency thereof an indication of the 
speed rdative to the system of such object, 
and inhibiting means responsive to inhibit re- 
sponse of said indication means for a pre- 
determined period when either one of said 

55 first and second outputs is produced and to 
maintain the inhibiting condition for a further 
such period if the other output is produced 
within said predetermined period. 

2. A Doppler radar system as claimed in 



Claim 1, wherein said two beat signals are 60 
nominally 90° phase spaced, and wherein one 
of said two beat signals is considered as a 
reference with the other beat signal being 
allowed, in effect, to wander in phase relative 
to it by just less than ±90° before the in- 65 
hibiting means is activated. 

3. A Doppler radar system as claimed in 
Claim 2, wherein the first beat signal is used 
as the reference. 

4. A Doppler radar system as claimed in 70 
Claim 2 or Claim 3 wherein the phase detec- 
tor means is responsive to said other beat sig- 
nal, each time the beat signal used as the 
reference crosses zero in one preferred direc- 
tion, to produce an output of the same polarity 75 
as said other beat signal and to keep that out- 
put until the next zero crossing of the beat 
signal used as the reference occurs in the 
same direction, the output polarity of the 
phase detector means remaining unaltered if 80 
the polarity of said other beat signal has not 
altered, and the output polarity of the phase 
detector means being reversed if the polarity 

of said other beat signal has changed due to 
the two beat signals having phase-shifted rela- 85 
tive to one another by more than 90° from 
their nominal 90° spacing. 

5. A Doppler radar system as daimed in 
Claim 4, wherein said phase detector means 

is a D-type flip-flop having a dock input 90 
to which a pulse is applied for each zero 
crossing in said one preferred direction of the 
beat signal used as the reference, this pulse 
being derived from this beat signal by a 
Schmitt trigger, and wherein a second Schmitt 95 
trigger is fed with said other beat signal and 
applies to a second (D) input of the D-type 
flip-flop a signal which is indicative of the 
polarity of said other beat signal, the D-type 
flip-flop presenting for each pulse at the 100 
clock input one or the other of two outputs 
having a polarity corresponding to the polarity 
of the signal supplied to its second input. 

6. A Doppler radar system as claimed in 
Claim 5, wherein the outputs from the D-type 105 
flip-flop are applied to a full-wave bridge cir- 
cuit which feeds a CR time constant circuit 
with a signal in response to each transition 

of the output polarity from the D-type flip- 
flop, this CR time constant circuit determin- 110 
ing said predetermined period in that for each 
output polarity transition it inhibits a speed 
indication meter for said period. 

7. A Doppler radar system as claimed in 

any preceding daim, wherein said predeter- 115 
mined period is one second. 

8. A Doppler radar system as claimed in 
Claim 6, or Claim 7 as appended to Claim 6, 
induding means for introducing a dday be- 
fore the CR time constant drcuit becomes 120 



operative to inhibit the speed indication meter. 

9. A Doppler radar system as claimed in 
Claim 8, wherein said delay is 0.1 second. 

10. A Doppler radar system substantially as 
hereinbefore described with reference to the 
accompanying drawings. 
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